Abstract
Introduction 1 2
Natural dyes are generally superior in safety than synthetic ones. However, their 3 stability is not satisfactory for practical use as a colorant. Therefore, utilization of the 4 natural dyes is limited only in the areas where particular safety is required, such as food 5 or cosmetics. If the stability of these natural dyes is improved, they can be widely 6 utilized as a general colorant.
7
Incorporation of organic dyes into inorganic hosts sometimes enhances the stability. by simply mixing HT and an aqueous solution of each dye. Therefore, we followed the 1 so-called co-precipitation method [22, 23] On the other hand, the natural dyes (CM, CY and ANA) were not adsorbed 19 spontaneously onto SIO, because the surface of SIO was not positively charged as HT.
20
Therefore, the composites of SIO and the dyes (Dye/SIO) were prepared by mixing the 21 aqueous dye solution (20 mg/50 ml) and SIO (500 mg), followed by evaporation of the 22 solvent at 343 K.
1
In addition, intimately ground physical mixture of CM and the commercial HT was 2 prepared as the reference sample (CM+HT). The weight ratio of CM and HT was 3 determined so that the absorption of the mixture at λ max became about 1. UV-Vis spectra were collected with the JASCO V-550 spectrophotometer. To measure 8 diffuse-reflectance spectra, the ISV-469 integrating sphere was equipped to the 9 spectrometer.
10
To investigate the light endurance of each sample, visible light was irradiated to the pure HT showed a sharp peak at 11.6°, corresponding to the basal spacing of 0.76 nm.
5
As the amount of introduced CM increased and w exceeded 0.23, the original peak was 6 weakened and another diffraction peak appeared at lower angle around 7.2°, The peak corresponding to the increased interlayer distance in CM/HT seemed rather 18 broad. This implies that the intercalation of CM into HT did not uniformly occur, and 19 that the structure of CM/HT was disordered. exchange.
--- (Table 1 ) --- The occurrence of singlet oxygen has been thought to be one of the main causes in 13 degradation of natural dyes under irradiation [29, 30] . Table 2 photodecomposition of CM in CM/HT was due to the oxidation by atmospheric oxygen.
20
Therefore, the stability enhancement of CM/HT with increased amount of CM should 21 be considered that the attack of molecular oxygen from the air is prevented when CM is 22 intercalated between the HT layers.
1 --- (Table 2 ) ---2 Table 3 represents the difference in the light fastness of CM(0.25)/HT when the layer 3 charge of HT was changed. Although the difference in the durability was rather small, 4 the order of the durability was identical to the order of the layer charge density. Since 5 the amount of CM was set to be the same among these samples, it can be concluded that 6 the higher stabilization effect was obtained as the layer charge was larger. This result 7 suggests the possibility that the electrostatic interaction between CM and HT layer also 8 contributes to the stabilization of CM in CM/HT. However, the stability enhancement 9 mentioned here could not be ascribed only to the electrostatic interaction, because the 10 change in the layer charge density would influence many properties of HT such as 11 interlayer distance.
12
--- (Table 3 ) ---
13
From these results, we concluded that the stabilization effect of CM in CM/HT is 14 brought about by the defense of CM from the attack of atmospheric oxygen. In addition,
15
there is a possibility that the stability of CM is enhanced by the electrostatic effect from 16 the positive charge of the HT layer. We then tried to confirm the enhancement of the stability of CY and ANA as natural 21 dyes other than CM. As shown in Table 4 , the stability of CY/HT was higher than 
